Few data are available regarding treatment outcomes in lung cancer patients with metastasis who initiated mechanical ventilation in the emergency department (ED). We aimed to evaluate 28-day mortality in lung cancer patients with metastasis who initiated mechanical ventilation in the eD. patients with solid malignancy who initiated mechanical ventilation in the eD of a tertiary hospital were retrospectively identified and stratified into four groups according to the presence of lung cancer and metastasis. Among 212 included patients, the mortality rates by the 28 th hospital day were as follows: 44.2% (19/43) in non-lung cancer patients without metastasis, 63.2% (43/68) in non-lung cancer patients with metastasis, 52.4% (11/21) in lung cancer patients without metastasis, and 66.2% (53/80) in lung cancer patients with metastasis. In multivariable analysis, lung cancer patients with metastasis had significantly higher odds ratio for 28-day mortality than non-lung cancer patients without metastasis (adjusted odds ratio [oR] = 7.17, 95% confidence interval [CI] = 2.14-24.01). Sepsis-related respiratory failure (adjusted oR = 2.60, 95% CI = 1.16-5.84) and cardiopulmonary resuscitation (adjusted oR = 13.34, 95% CI = 4.45-39.95) over respiratory failure without sepsis and acute organ dysfunction process measured by sequential organ failure assessment (soFA) score (adjusted oR = 1.15, 95% CI = 1.05-12.6) were independently associated with an increase in mortality rate. In conclusion, the treatment outcomes in lung cancer patients with metastasis who initiated mechanical ventilation in the eD were poor. Aggressive resuscitation versus end-of-life care in advance of an unexpected medical crisis should be considered in lung cancer patients with metastasis via a multidisciplinary approach with a consideration of underlying comorbid illnesses in the acute organ dysfunction processes.
the treatment outcomes in patients with far-advanced lung cancer (i.e., with distant metastasis) who initiated mechanical ventilation in the emergency department (ED) prior to ICU admission are expected to be even worse. Thus, the decision to triage these patients to receive mechanical ventilation in the ED should be made carefully. However, there have been few studies evaluating the treatment outcomes in patients with far-advanced lung cancer who initiated mechanical ventilation in the ED. Thus, we aimed to investigate the 28-day mortality in lung cancer patients with metastatic disease who initiated mechanical ventilation in the ED.
Results
patients. Baseline characteristics of 212 cancer patients who were intubated for mechanical ventilation in the ED are summarized in Table 1 . Patients were stratified into four groups as follows: 43 non-lung cancer patients without metastasis (20.3%), 68 non-lung cancer patients with metastasis (32.1%), 21 lung cancer patients without metastasis (9.9%), and 80 lung cancer patients with metastasis (37.7%). There were no significant differences in the clinical factors including age, body mass index, comorbidities except for chronic liver disease, and performance status. The proportion of male was higher in lung cancer patients compared to non-lung cancer patients (55.0% [61/111] vs. 71.3% [72/101]; p = 0.014). Whereas the proportion of patients with complete remission was higher in patients without metastasis, the proportion of progressive disease was higher in patients with metastasis compared to those without metastasis (p < 0.001). Compared to other groups, non-lung cancer with metastasis group were less likely to have had ongoing treatment plan (p = 0.020). Regarding laboratory findings, there were no significant differences in white blood cell (WBC) count, lactate and procalcitonin levels among the four groups, while non-lung cancer patients without metastasis had lower C-reactive protein (CRP) levels compared with other cancer patients (p < 0.001). Indication for mechanical ventilation also did not differ among the groups (Fig. 1) . The median value of sequential organ failure assessment (SOFA) score was highest in non-lung cancer without metastasis group, followed by non-lung cancer with metastasis group, lung cancer with metastasis group, and lung cancer without metastasis group (p = 0.014).
Comparison of clinical characteristics of cancer patients according to 28-day mortality. Of the 212 patients with malignancy who were intubated for mechanical ventilation in the ED, 58.0% of the patients (n = 123) died within 28 hospital days. As shown in Table 2 , there were no significant differences in age, sex, BMI, comorbidities, site of primary malignancy, performance status, ongoing treatment plan, and WBC count between the patients who died and those who survived by the 28 th hospital day. Patients who died were more likely to have metastasis (p = 0.004) with higher frequency of abdominal metastasis (p = 0.005) and more progressive disease status (p = 0.020). In addition, patients who died were more likely to undergo cardiopulmonary resuscitation (CPR) ( The impact of the coexistence of lung cancer and metastasis on 28-day mortality in cancer patients who were intubated in the eD. As shown in Table 3 , 28-day mortality rates were 44.2% (19/43) in non-lung cancer patients without metastasis, 63.2% (43/68) in non-lung cancer patients with metastasis, 52.4% (11/21) in lung cancer patients without metastasis, and 66.2% (53/80) in lung cancer patients with metastasis. In both univariable and multivariable analyses, compared with non-lung cancer patients without metastasis, non-lung cancer patients with metastasis (unadjusted OR = 2.90, 95% confidence interval [CI] = 1.32-6.40; adjusted OR = 4.24, 95% CI = 1.32-13.65) and lung cancer patients with metastasis (unadjusted OR = 3.31, 95% CI = 1.53-7.17; adjusted OR = 7.17, 95% CI = 2.14-24.01) had significantly higher 28-day mortality, respectively. In comparison, whereas there was no significant increase of 28-day mortality in lung cancer patients with metastasis compared to non-lung cancer patients without metastasis in univariable analysis (p = 0.251), lung cancer patients with metastasis were 5.89 (95% CI = 1.48-23.36) times more likely to have higher 28-day mortality compared to non-lung cancer metastasis.
Regarding other clinical factors associated with 28-day mortality, compared to respiratory failure without sepsis, sepsis-related respiratory failure (unadjusted OR = 3.01, 95% CI = 1.50-6.11; adjusted OR = 2.60, 95% CI = 1.16-5.84), CPR (unadjusted OR = 9.98, 95% CI = 3.92-25.37; adjusted OR = 13.34, 95% CI = 4.45-39.95) and SOFA score (unadjusted OR = 1.14, 95% CI = 1.06-1.23; adjusted OR = 1.15, 95% CI = 1.05-1.26) were significantly associated with 28-day mortality in both univariable and multivariable analyses. Although progressive disease was associated with increased 28-day mortality in univariable analysis (unadjusted OR = 1.93, 95% CI = 1.10-3.38), this was not significant in adjusted model (p = 0.299) (Supplemental Table 1 ).
Discussion
In the present study, we evaluated the clinical characteristics and treatment outcomes of lung cancer patients with metastasis who underwent mechanical ventilation in the ED and were admitted to the medical ICU. Among the included patients, all of whom had solid cancer, approximately one-half had lung cancer; of these, approximately 80% had metastatic disease. The most common indication for invasive mechanical ventilation in lung cancer patients with metastasis was respiratory failure without sepsis. The 28-day mortality in lung cancer patients with www.nature.com/scientificreports www.nature.com/scientificreports/ metastasis who underwent mechanical ventilation in the ED was approximately 66%. Lung cancer patients with metastasis were about 7.2 times more likely to die within 28 days compared with non-lung cancer patients without metastasis.
Lung cancer patients who develop acute illness requiring ICU admission often require intubation and mechanical ventilation. Previous studies showed that at least 40% of lung cancer patients who were admitted to the ICU required mechanical ventilation [7] [8] [9] [10] [11] [12] [13] [14] [15] . Unfortunately, the need for mechanical ventilation has been shown to be independently associated with ICU and hospital mortality [7] [8] [9] [10] [11] 13, 16, 17 , and in most studies, fewer than one-half Table 1 . Baseline characteristics of cancer patients who underwent intubation in the emergency department. Data are presented as number (%) or median (interquartile range). GI, gastrointestinal; HBP, hepato-biliarypancreatic; GU, genitourinary, SOFA, sequential organ failure assessment; PF, ratio of arterial oxygen partial pressure to fractional inspired oxygen.
*
Missing data included as follows; white blood cell (n = 21), C-reactive protein (n = 21), lactate (n = 25), procalcitonin (n = 87), and PF ratio (n = 10).
† Eleven patients had small cell lung cancer.
www.nature.com/scientificreports www.nature.com/scientificreports/ of lung cancer patients who received mechanical ventilation survived after hospitalization 7, 8, 11, 12, 14, 18 . Unpredicted ICU admission is another factor associated with poor treatment outcomes in lung cancer patients, especially in those who were admitted from the ED 5 . Thus, it might be postulated that lung cancer patients who were intubated in the ED and admitted unexpectedly to the ICU for mechanical ventilation would have even worse treatment outcomes. However, there have been no comprehensive studies showing the natural courses of such patients at a critical juncture, i.e., supportive care for imminent death versus intensive care. With this view, our study provided informative data showing the natural courses of patients with serious medical conditions.
Another important finding in our study is that treatment outcomes in lung cancer patients without metastasis also were worse than non-lung cancer patients without metastasis. These results suggest that lung cancer patients might be more vulnerable to mechanical ventilation than other cancer patients, probably due to the involvement of cancer in the lung. Our results with the results from previous studies 10, 13, 16, 19 suggest that the decision whether to proceed with unplanned intubation and mechanical ventilation should be discreetly decided in lung cancer patients, particularly those with metastatic/progressive disease. However, since there were only 21 lung-cancer patients without metastasis, further studies with a larger volume of patients are needed to confirm this issue.
There have been conflicting reports regarding treatment outcomes of lung cancer patients who were treated in the ICU. Along with recent advances in critical care in general, ICU treatment outcomes in lung cancer patients reported from single-center studies showed a steadily improving trend [9] [10] [11] 14, 18, 19 . In contrast, one study of 49,373 lung cancer patients admitted to the ICU from Surveillance, Epidemiology, and End Result-Medicare registry revealed that ICU outcomes in this population did not improve from 1992 to 2005 17 . Regarding factors associated with treatment outcomes, a recent prospective multinational study of 449 patients found that survival after ICU admission greatly differed according to performance status and recurrent or progressive cancer status. Patients with good performance status and non-recurrent/progressive disease were more likely to survive, and over one-third of hospital survivors received anti-cancer treatment after discharge 16 . Similar findings were reported from a single-center study in Korea 20 . Given that there has been a major paradigm shift in the treatment of advanced non-small-cell lung cancer 21 , patients with advanced lung cancer should not be excluded from ICU admission solely based on their initial disease stage. Rather, their performance status and future eligibility for preplanned anti-cancer treatment should be taken into account when making this decision. For patients with poor performance status and who are not candidates for anti-cancer therapy, early integration of palliative care would result in more frequent documentation of resuscitation preference and less-aggressive end-of-life care 22 . Our study suggests that this should be discussed before the patient develops a life-threatening medical condition requiring a visit to the ED with indications for mechanical ventilation, as thoughtful consideration and discussion is usually impossible at that time. In addition, not only these factors described above, but also accompanying factors such as types of cancer, the underlying comorbid illnesses in the acute organ dysfunction processes, should be taken into account in the decision of mechanical ventilation. In this study, compared to those with only respiratory failure, those with sepsis and underwent CPR had a higher risk of mortality. Furthermore, acute organ dysfunction process measured by SOFA score was an independent predictor associated with poor outcomes. From this perspective, we suggest that an emergent multidisciplinary approach comprising the intensivist, oncologist, and pulmonologist might be helpful to plan the optimal treatment for these patients.
This study has several limitations. First, our study was conducted at a single tertiary referral hospital, with a comprehensive cancer center and a specialized ICU for critically ill cancer patients. This may limit the generalizability of our findings. Second, our study design was retrospective. Third, information on treatment-limitation decisions after intubation, which might have influenced the mortality in cancer patients, is not provided in this study. Regardless of these limitations, our study included only patients with solid cancer who initiated mechanical www.nature.com/scientificreports www.nature.com/scientificreports/ ventilation in the ED, and provides valuable information on the prognosis of these patients according to cancer type and the presence of metastasis.
In conclusion, the outcome in lung cancer patients with metastasis who were intubated in the ED and admitted to the medical ICU for mechanical ventilation was significantly worse than non-lung cancer patients without metastasis. Sepsis-related respiratory failure and CPR over respiratory failure without sepsis and acute organ dysfunction process were significantly associated with an increased risk of mortality. Clinicians should be aware of these outcomes and, via a multidisciplinary approach with a consideration of types of cancer and the underlying comorbid illnesses in the acute organ dysfunction processes, discuss aggressive resuscitation versus end-of-life care with the patients and family in advance of an unexpected medical crisis. Missing data included as follows; white blood cell (n = 21), C-reactive protein (n = 21), lactate (n = 25), procalcitonin (n = 87), and PF ratio (n = 10).
www.nature.com/scientificreports www.nature.com/scientificreports/ Methods patients. Using the electronic medical record database, 212 consecutive patients with solid malignancy who were intubated in the ED and admitted to the ICU in Samsung Medical Center (a 1,979-bed referral hospital in Seoul, South Korea), between January 2014 and December 2016, were identified. Demographic and clinical data including age, sex, BMI, comorbidities, site of primary malignancy and the presence of distant metastasis, indication for mechanical ventilation, initial laboratory findings (WBC count, C-reactive protein, lactate, and procalcitonin), and 28-day mortality were collected from the review of the medical records. The Institutional Review Board of Samsung Medical Center approved this study and the need for written patient consent was waived due to the retrospective nature of the study (IRB no. 2017-09-066). This study was performed in accordance with relevant guidelines/regulations of our institutions.
Definitions. Distant metastasis was defined as cancer involvement of distant organs, as seen on radiologic studies (computed tomography [CT], magnetic resonance imaging, or positron emission tomography-CT) with or without histologic confirmation. Indications for mechanical ventilation were categorized into respiratory failure without sepsis, sepsis-related respiratory failure, and CPR. Primary outcome was 28-day mortality, which was defined as all-cause mortality within 28 days from intubation. Malignancy of gastrointestinal system included malignancy of esophagus, stomach, small intestines, and large intestines. Malignancy of hepatobiliary-pancreas system included malignancy of liver, biliary system, gall bladder, and pancreas. Malignancy of genitourinary system included malignancy of urinary tract (kidney, ureter, and bladder) and genital system (ovary, uterine and uterine tube, cervix, vagina, and vulva in women and testis, prostate, and penis in men).
statistical Analyses. Continuous variables are reported as medians with IQR and categorical variables as numbers with percentages. Continuous variables were compared using the Mann-Whitney U-test, and categorical variables were compared using the chi-squared test with Yates' continuity correction. Clinical characteristics and 28-day mortality were evaluated with stratification based on cancer type and the presence of metastasis as follows: non-lung cancer patients without metastasis, non-lung cancer patients with metastasis, lung cancer patients without metastasis, and lung cancer patients with metastasis. A multivariable logistic regression model was used to evaluate the OR of 28-day mortality in lung cancer patients with metastasis over non-lung cancer patients without metastasis. The initial clinical variables entered into the model were age, sex, BMI, chronic liver disease, chronic pulmonary disease, indication of intubation (respiratory failure without sepsis [reference] vs. sepsis-related respiratory failure or CPR), performance status, disease status, ongoing treatment plan, groups stratified by cancer type and the presence of metastasis, multiple metastases defined as two or more metastatic lesions, and SOFA score. To handle missing data in the regression model, the missing-indicator method, which is a popular and simple method to handle missing data in clinical research was used 23, 24 . A two-sided p-value < 0.05 was considered to reflect statistical significance. All statistical analyses were performed using R Statistical Software (version 3. Center approved this study and the need for written patient consent was waived due to the retrospective nature of the study (IRB no. 2017-09-066). This study was performed in accordance with relevant guidelines/regulations of our institutions.
Data Availability
All data extracted in this study are included in this article. Table 3 . Unadjusted and adjusted odds ratio for 28-day mortality in cancer patients who were intubated in the emergency department, stratified by the presence of lung cancer and metastasis. OR, odds ratio; CI, confidence interval; BMI, body mass index; CPR, cardiopulmonary resuscitation; SOFA, sequential organ failure assessment. * The clinical variables entered into the model included age, sex, BMI, chronic liver disease, chronic pulmonary disease, disease status, indication of intubation (respiratory failure without sepsis [reference] vs. sepsis-related respiratory failure or CPR), performance status, SOFA score, ongoing treatment plan, multiple metastases (defined as two or more metastatic lesions), and groups stratified by cancer type and the presence of metastasis (non-lung cancer without metastasis [reference] vs. non-lung cancer with metastasis, lung cancer without metastasis, or lung cancer with metastasis.
